D.H. Saunder I n t r o d u c t io n
In the diphenyl series, the molecular complexes between nitro compounds on the one hand, and certain substituted hydrocarbons on the other, form a number of com pounds with unusual ratios between the two components. This paper describes part of an investigation which has been made of these complexes in an attem pt to obtain evidence as to the mechanism involved in their formation. An account of the chemical part of the work is to be presented elsewhere; in this paper an account is given of the crystallographic investigation. An X-ray diffraction study of similar complexes in the benzene series has already been made by Powell & Huse (1943) , and Powell, Huse & Cooke (1943) , and the present results are in agreement with theirs.
The 4-hydroxydiphenyl used was supplied by Dr W. S. Rapson of the University Chemistry Department; the 4 : 4,-dinitrodiphenyl was prepared from 4-nitrodiphenyl by the method of Gull & Turner (1929) . These two components were dis solved in approximately equal proportions in warm acetone; on cooling, yellow crystals of the complex, having a melting-point of 228-229° C, were obtained. For analysis the complex was decomposed by dissolving it in as small a quantity of hot acetone as possible and adding dilute aqueous NaOH. The precipitated dinitrodiphenyl was filtered off, and the hydroxy diphenyl recovered from the filtrate by the addition of dilute HC1. The ratio of the components in the complex was found to be three parts of 4 : 4'-dinitrodiphenyl to one part of 4-hydroxydiphenyl, and the complex may thus be represented as (C6H5C6H 4OH) (0 2NC6H 4C6H4N 0 2)3. Crystals for X-ray analysis were grown by slowly cooling a solution of the complex in acetone containing a little excess hydroxydiphenyl, the more soluble component.
The crystals are canary yellow in colour, and are clear and free from flaws, so th at a very complete optical examination is possible. They are monoclinic, having straight extinction on the (100) face. The faces (100) and (100) and the prism faces {110} round the zone [001] , as well as the (001) and (001) faces, often occur in the same specimen. Goniometer measurements show the monoclinic angle, to be 99° 39'.
The crystals are very strongly doubly refracting, and are optically positive. Under the polarizing microscope, a biaxial figure containing the acute bisectrix, which is nearly perpendicular to (100), may be obtained. The optic axial angle, 2V, was found to be 45°.
The principal refractive indices a and ft were determined by the immersion method using the Becke-line phenomenon, but solutions of high enough refractive index to determine y in this way were not available, and it was calculated from the relation
P r e p a r a t i o n Cr y s t a l l o g r a p h y a n d o p t ic a l p r o p e r t i e s
Crystal structure of some molecular complexes 4 : 4 ' 3 3
The values obtained for sodium light were a = 1-59, = 1-64, y = 2-03.
The optical data are summarized in figure 1.
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F ig u r e 1. Directions of refractive indices and optic axes in the u n it cell.
T h e u n i t c e l l a n d s p a c e -g r o u p
Oscillation photographs were taken using filtered Cu K a radiation, and the axial lengths determined from these. The dimensions of the unit cell are a = 20-06 A, 6 = 9-46 A, c = 11-13 A, y#=99°39'.
The density of the crystal, determined by the method of flotation, is 1-43 g./c.c. The unit cell, therefore, contains two of the complex groups (C6H5C6H4OH) (02NC6H4O6H4N 0 2)3, corresponding to a true density of 1-44 g./c.c.
Reflexions of type M l occur only with h + k even. The cell, therefore, has the c-face centred. Reflexions of type OkO occur only with k even, and re only with h even. The space-group may, therefore, be either C2im, or Cm. There are only two of the complex groups in the unit cell, and each such group contains only one molecule of hydroxydiphenyl and an odd number of molecules of dinitro diphenyl. The general position is four-fold in the space-group and eight-fold in C2jm, so that each molecule of hydroxydiphenyl, and at least one molecule of dinitro diphenyl in each group, must lie in a special position. In the space-group C2 this special position can only be a two-fold axis. Each of the molecules concerned might have a two-fold axis, but in the case of the polar molecule of hydroxydiphenyl this can only be the long axis of the molecule. The length of this molecule, allowing for the approach of the next molecule along the two-fold axis, can hardly be less than 11-8 A; and, since the length of the 6 axis of the cell, parallel to which the two-fold axes of the space-group C\ lie, is only 9-46 A, this would appear to exclude the possibility of this space-group. In the space-group since the general position is eight-fold, the odd molecules in the complex group must lie both on a two-fold axis and a mirror plane. In the case of the hydroxydiphenyl molecule this is impossible; for its only possible two-fold axis lies in its only possible mirror planes of symmetry, while in the space-group the two-fold axes are perpendicular to the mirror planes. The space-group must therefore be Cm{G\).
Packing considerations lead, as will be shown in the next section, to the conclusion th at the hydroxydiphenyl molecule has itself to lie completely in a mirror plane; and, as there appears so far to be no case in which a benzene ring has been definitely shown to lie in a mirror plane, it was decided to test the crystal for pyro-electricity. The method used was substantially the same as th at described by Orelkin & Lons dale (1934) , except th at instead of an electroscope an electrometer valve was used. The sensitivity of the apparatus was tested using Rochelle salt, and, on introduction of the liquid air, the galvanometer spot was thrown off the scale. M--dinitrobenzene, which is known to be polar (Archer 1946) , under the same conditions also gave deflexions off the scale. Using rock salt as a control, maximum deflexions of about 0-5 cm. were observed.
When a crystal of the complex of dinitrodiphenyl with hydroxydiphenyl was gripped across the b axis, maximum deflexions of the order of 1 cm. were observed on introduction of the liquid air in repeated experiments. This small deflexion, when the difficulty of holding the crystal in exactly the right direction is taken into account, may be taken as showing an absence of polarity in the 6 direction, which is consistent with the existence of a mirror plane perpendicular to the b axis. When the crystal was gripped across the c axis, under similar conditions, deflexions of about 10 cm. were observed, whilst across the a axis the deflexions were about 20 cm. These small, but positive, results indicate that the a and c directions are polar, and th at there is no centre of symmetry; which is consistent with the space-group Cm.
P r e l i m i n a r y e s t im a t e o f t h e s t r u c t u r e
In the space-group Cm the general position is four-fold; it is therefore necessary so to arrange the complex groups th at each has a mirror plane of symmetry, thus reducing the number of groups in the unit cell to two, and at the same time to pack the molecules into the available space. Each molecule of 4-hydroxydiphenyl and at least one of the molecules of 4 :4 '-dinitrodiphenyl must now he on a mirror plane in such a way th at this plane is also a symmetry plane of the molecule. In the case of the hydroxydiphenyl molecule, the OH group must lie in a mirror plane, but the plane of the benzene rings themselves may be either in the mirror plane or a t right angles to it. Three dimensional cardboard models were made of the two types of component molecule and these were packed into the unit cell with due regard to the symmetry conditions.* W ith normal distances of approach between adjacent benzene rings in neighbouring molecules only one arrangement is found to be pos sible. The hydroxy diphenyl molecules have to lie completely in the mirror planes with their greatest lengths approximately in the direction of the c axis; whilst the dinitrodiphenyl molecules have to lie across the mirror planes, so th at the terminal carbon atoms of the benzene rings and the nitrogen atoms are in the mirror planes and the other carbon atoms and the oxygen atoms are reflected across these planes. In order to get the most economical packing, the dinitrodiphenyl molecules must lie with their greatest lengths inclined a t about 11° to the a axis, thus interleaving with one another. The type of arrangement arrived at will easily be understood on reference to figures 5 and 7, and was indeed very close to the final structure. Con firmation of this type of arrangement is given by the refractive indices, and by the diffuse spectra due to thermal vibrations.
The direction of vibration of the light vector for the largest refractive index (y in figure 1 ) is nearly parallel to the planes of all the benzene rings (see figure 5 ). The direction of vibration for the intermediate refractive index, /?, is parallel to the planes of the benzene rings of the three dinitrodiphenyl molecules but is per pendicular to the plane of the benzene rings of the hydroxydiphenyl molecule; while the direction of vibration for the smallest refractive index, a, is parallel to the plane of the benzene rings of the one hydroxydiphenyl molecule but nearly perpen dicular to the planes of the benzene rings of the three dinitrodiphenyl molecules. Lonsdale & Smith (1941) have shown that the shape of the diffuse spectra, or optical ghosts, due to thermal vibrations in the crystal, depends on the type of structure. These ghosts are represented by diffuse distributions of the interference function around the reciprocal lattice points corresponding to the spectra. In a layer-lattice structure the distribution around the reciprocal lattice points corre sponding to spectra from planes parallel to the layers of atoms will be nearly spherical, and will be cut by the sphere of reflexion in a nearly circular section. Thus, such spectra are likely to be accompanied by large and nearly circular diffuse reflexions. With chain-like structures, the reciprocal lattice points corresponding to spectra from planes perpendicular to the direction of the chains are surrounded by disc shaped diffuse distributions of the interference function. The intersection of these by the sphere of reflexion is more or less linear and the corresponding spectra are thus accompanied by diffuse streaks. It is possible for a structure containing long, flat molecules to produce both types of ghost (Lonsdale, Robertson & Woodward 1941) , and this is the case for the complex between dinitrodiphenyl and hydroxy diphenyl. The dinitrodiphenyl molecules all he in planes approximately parallel to Crystal structure of some molecular complexes 4:4' 35 one another thus producing a layer-lattice type of structure, while they are also sufficiently long to have a chain-like nature. I t is found that the spectra 003, 203,113 and 113 have very pronounced, and more or less circular, diffuse reflexions accompanying them, indicating th at the dinitrodiphenyl molecules are not greatly inclined to these planes. I t is also found th at the spectra 10,01, 802, 911 and 911 have very pronounced diffuse streaks accompanying Figure 2 . The broken lines indicate th e directions in th e u n it cell of planes producing broad diffuse reflexions, and are th u s approxim ately parallel to molecules lying in layers. The con tinuous lines indicate th e directions in th e u n it cell of planes producing diffuse streaks, and are th u s approxim ately perpendicular to th e chain lengths of th e molecules. Figure 3 . Laue photograph, tak en in a cylindrical cam era, w ith th e crystal m ounted w ith its c axis vertical, an d using unfiltered copper rad iatio n incident a t 65° to a*. The tw o broad diffuse areas accom pany th e spectra 113 an d 113. The strongest streaks accom pany the spectra 802 and 10,0T. 10,0T shows streaks due to b o th th e a-and /7-radiation. them, indicating th a t the lengths of the dinitrodiphenyl molecules are nearly perpendicular to these planes. A number of less pronounced ghosts corresponding to similar directions in the unit cell have been observed. The directions in the unit cell of some of the planes giving pronounced diffuse spectra are shown in figure 2 and may be compared with the actual structure as shown in figure 5. A photograph showing both types of ghost is reproduced in figure 3. I t is also significant th at the spectrum from the planes (020), in which lie all the hydroxydiphenyl molecules (see figure 7 ), also has a pronounced diffuse reflexion accompanying it, which is not circular but is considerably elongated, owing to the influence of the dinitrodiphenyl molecules.
T h e F o u r i e r s y n t h e s i s o f t h e s t r u c t u r e
For the accurate determination of the structure the method of double Fourier series, first developed by W. L. Bragg (1929), was used. The preliminary structure promised a reasonable resolution of many of the atoms when projected on the ac plane, whilst a projection on the ab plane, although offering no actual resolution of the atoms, promised sufficient information to fix the y co-ordinates.
In neither case is there a centre of symmetry, and, putting the summation equa tions in such a form that only positive values of h, and l need be considered, then, for the space-group Cm, p{xz)= 
where p{xy) is the density of the projection parallel to c on the ab plane. The numerical factor in front of the summation signs must be halved if either or are zero in equation (1) and if either ho r ka re zero in e observable quantities, but the phase differences S have to be calculated using the positions of the atoms assumed in the preliminary structure.
In the space-group Cm the co-ordinates of equivalent point positions are
x,y,z:
Since there are only two complex groups in the unit cell, this means that not all the atoms in a group are symmetrically independent of one another. For the purposes of structure-factor calculations, only those atoms in a complex group which are not connected by symmetry relationships need be considered.
The structure factors for atoms in general positions are given by
/ is the appropriate atomic scattering factor of 'the atom whose co-ordinates are (x, y, z) and the sum is to be taken over all the independent atoms in the complex group. In the case of atoms lying in the mirror planes the factor of 4 in equations (3) and (4) must be halved in order to avoid counting such atoms twice.
The phase differences are calculated from
I n t e n s i t y m e a s u r e m e n t s
In order to evaluate the Fourier series, it was necessary to determine the structure factors | F(hOl) | and | F(hJcO) | for all spectra of appreciable strength. For thi purpose two crystal specimens were cut to approximately cubic dimensions with a side of O'2-0-3 mm., and were set for rotation about the b and c axes, the crystals being completely immersed in the beam of Cu K a radiation. For such small crystals corrections for absorption may be nearly neglected.
As no ionization spectrometer or integrating photometer was available, the intensities of the spectra were measured by means of a photographically recording microphotometer, calibrated by means of a standard wedge. The assumption was made th at the peak intensity recorded by this instrument was proportional to the integrated intensity.
In order to avoid ambiguity in indexing the spectra, since no Weissenberg camera was available at this stage, successive overlapping rotations of 15° were given. Care was taken to expose and develop each film under the same conditions, but overlapping and equivalent spectra on different films were used to standardize one film with respect to another.
An attem pt was made to put the relative values thus obtained for the intensities on an approximately absolute scale by comparison with a known crystal; p-dinitrobenzene was chosen as the standard, since crystals of convenient shape are easily obtained, the absorption coefficient for this is nearly the same as th at for the com-' 3 9
plex, and the absolute intensities for' it have already been measured by James et al. (1935) . A photograph with a crystal of the complex rotating about the c axis, and set to include a representative set of spectra, was taken, one side of the film being shielded by lead. A crystal ofp-dinitrobenzene, having approximately the same size as the complex crystal, was then set to rotate about the b axis; the other side of the film was then exposed under as nearly as possible the same conditions for the same length of time. This procedure was repeated using different spectra, and the films were measured up on the microphotometer. In comparing the intensities of the two sets of spectra, absorption effects may be neglected since e-^ is virtually the same for the two different crystals. The main difficulty is to make the necessary correction for the size of the two crystals. Owing to the manner in which the intensities were measured they are probably not proportional to the volumes of the crystals, as would be the case had integrated intensities been used; and since only peak intensities were measured it seems probable th at an increase in cross-section of the crystal, as presented to the X-ray beam, would result mainly in an increase in the size of the reflected spots without any great increase in their peak intensity. The intensities may, therefore, be assumed to be proportional to the mean thickness, t, of th£ crystals. Neglecting absorption, the expression for the intensity as measured on the microphotometer, thus becomes
The ratio I (complex)/1 (^-dinitrobenzene) may then be calculated and the intensities for the complex placed on an absolute scale. There are many possible sources of error in this method of calibration, and the values of the complex so obtained must be regarded as approximate only.
There is in this case, however, a more reliable means of standardization. The y co-ordinates of a large number of atoms are fixed from space-group and packing considerations. Since the hydroxydiphenyl molecules lie in the mirror planes, and the dinitrodiphenyl molecules across the mirror planes, the only atoms whose co ordinates are not fixed are the oxygens of the nitro groups and some of the carbons of the dinitrodiphenyl molecules, which are reflected, however, across the mirror planes. The dimensions of the benzene ring and the nitro group are known from previous work, and thus the y co-ordinates of these few atoms can also be fixed without making many assumptions. This means that the structure factors | F(0k0) | can be calculated with considerable accuracy.* If the observed values for j ^(O&O) [ are then adjusted to fit these, a correction factor to reduce all F values to an approxi mately absolute scale can be obtained. Agreement between the absolute F values as calculated by both methods is almost exact; this is satisfactory, but the closeness of the agreement must be considered as largely fortuitous.
E v a l u a t io n o f t h e F o u r i e r s e r i e s f o r t h e p r o j e c t i o n o n t h e ac p l a n e
Since the calculation of structure factors according to equations (3) promised to be a very laborious process, for the first approximation the following assumptions were made:
(a) That, if the OH group be left out of account, the structure has a centre of symmetry a t the origin. This assumption is consistent with a reasonable packing, and the relatively small polarity observed in the a and c directions suggests th at it may not be far from the truth.
(b) That the dinitrodiphenyl molecules lie parallel to one another and are evenly spaced with a separation of in the c direction. This is borne out by the strength of the 003, 203, and particularly the 206 spectra.
(c) That the dinitrodiphenyl molecules are completely planar, although to get the best packing it is necessary to tilt the nitro groups slightly away from the plane of the benzene rings. The structure-factor calculations were thus considerably simplified, while the agreement between | F(obs.) | and | F(calc.) | was on the whole quite good.
The phase relationships for the various spectra were calculated as follows: since a centre of symmetry had been assumed for the whole structure, excepting the OH group, the value of B was given by the position of this group alone. The magnitude of A was taken from M I -Vtf'U j -B * ) .
while the sign of A was taken as being th at of its calculated value. The phases were then calculated according to the expression (5). The series (1) was now evaluated using the method of Lipson & Beevers (1936) , and the projection so obtained was fairly clean with little false detail, except around the position of the hydroxydiphenyl molecule. From this projection, improved values of the x and z co-ordinates were estimated. For most atoms there was little change, but a tilt of the nitro groups away from the plane of their benzene rings had appeared. Except for the OH group, there was no departure from a centre of sym metry at the origin for the structure.
The structure factors were recalculated still assuming this approximation to a centre of symmetry, but without other simplification. The values of A and B used in determining the phase relationships for the summation were obtained in the same way as before, and the series was again evaluated. The projection so obtained was much cleaner, and showed better resolution than the first, but there was little appreciable change in the positions of the peaks, even those of the nitro groups.
The observed and calculated structure factors are shown in table 1.
The agreement on the whole is excellent and generally it is only for spectra with sin0 greater than 0-5 th a t any serious discrepancies are found. As no differential corrections for the temperature motion were made for the different spectra, one would expect the observed values for those spectra, particularly the higher orders, which are most affected by thermal vibration, to be somewhat lower than the calculated values. Such spectra will be produced by those planes which most nearly contain the dinitrodiphenyl molecules and so have the largest vibrations approxi mately perpendicular to them. These spectra are mainly 003, 006 and 203, 406 and 206, 4012. I t is found th a t the calculated values for 006, 406 and 40,12 are far too high.
The contour diagram drawn from the final values of p(xz) for the projection on the ac face viewed parallel to b is shown in figure 4 . This contour diagram may be inter preted with the aid of the key diagram shown in figure 5.
Crystal structure of some molecular complexes of 4:4' 41 F igure 4. Fourier projection of the structure in th e direction of the b axis on to the plane. Contours a t intervals of approxim ately 2 electrons per A2. The dotted line is the 2-electron contour.
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E s t im a t io n o f p a r a m e t e r s
From the ac projection, the x and z parameters were estimated as follows:
(а) The dinitrodiphenyl molecules. The displacement of the position of C8>9 from the centre of the peak in which they are unresolved from C7 was assumed to be the same as the displacement of C10>11 from the centre of the peak in which they are unresolved from C12. I f the side of the benzene ring is 1*40 A this displacement is approximately 0*13 A, and, assuming the benzene ring to be a regular hexagon, the positions of all the carbon atoms in this ring can be fixed. An estimate was made of the sort of displacement to be expected, taking into account the height of the peaks produced by the separate atoms, 0*7 A apart, and the approximate resolving power shown in the projection, and agreement was good. A similar displacement was calculated for the unresolved Ogg-Nj peak and the position of the two oxygen atoms fixed a t about 0-20 A from the centre of the peak, and directly away from Ci2-The position of the nitrogen atom was then fixed by assuming a C-N distance of 1*53 A, as found by James et al. (1935) , and placing the nitrogen along the line joining C12 to 0 2 3. This procedure.was repeated for the other benzene rings and nitro groups. The benzene rings in each dinitrodiphenyl molecule were assumed to be coplanar, and the slight deviations from this shown by the projection were neglected.
(б) The hydroxydiphenyl molecule. Here, two benzene rings, regular hexagons of side 1-40 A, were adjusted so as to give the best fit with the resolved peaks Cls C2, C6 and C1} C2, C6, while preserving a linear arrangement of the atoms C4, C1? C1} C4. The OH peak is resolved.
The estimation of the y parameters from the ab projection presented no difficulties. A list of parameters is given in table 2.
D e s c r ip t io n o f t h e s t r u c t u r e
The packing of the molecules in this structure is best illustrated by figure 7. I t may be described as a face-centred arrangement of dinitrodiphenyl molecules, all lying across the mirror planes (020) and nearly in the planes (206), thus interleaving with one another (as shown in figure 5) ; the long holes thus left in the structure are filled by the hydroxydiphenyl molecules lying nearly end to end in the mirror planes with their lengths nearly normal to the planes containing the dinitrodiphenyl molecules. Each hydroxydiphenyl molecule is thus surrounded by twelve dinitro diphenyl molecules all approximately equally spaced from it. In these circumstances it is impossible to choose any particular group of individual molecules as representing the 'complex molecule', the discrete existence of which must be doubted. W ith a view to illustrating the molecular dimensions of the individual components in the structure, however, a group of three dinitrodiphenyl molecules and one hydroxy diphenyl molecule, which may be taken as representing the repeating unit of structure, is shown in figure 8 . An unusual and striking feature of this structure is th at certain groupings must be perfectly symmetrical. Thus the benzene rings of the hydroxydiphenyl molecules have a plane of symmetry in the plane of the rings, and the benzene rings of the dinitrodiphenyl molecules have a mirror plane passing through the terminal carbon atoms and perpendicular to the plane of the rings. It, therefore, seems reasonable to infer that each benzene ring possesses both types of mirror plane. The nitro groups must also possess a plane of symmetry, passing through the nitrogen atom, and across which the two oxygen atoms are reflected; this suggests th at the unequal N -0 distances observed by James et al. (1935) and by van Niekerk (1943) in p -dinitrobenzene and 4 :4 ' -dinitrodiphenyl respectively, may not have been a real effect.
The molecular dimensions of greatest interest are those of the nitro group. A distance of 1*90 A is found between the two oxygen atoms which are reflected across the mirror plane; and, since the distance between the carbon atoms of the benzene ring, similarly reflected across the mirror plane, is 2*42 A (which agrees well with the corresponding dimension, 2-425 A, for a regular hexagon of side 1-40 A), this is probably a fairly accurate determination. This distance of 1-90 A is somewhat less than the 0 -0 distances in the nitro group found by other workers, namely, 2-14 A in p-dinitrobenzene (James et al. 1935) , 2-00 A in 4: 4'-dini 1943), and 2-17 A in w-dinitrobenzene (Archer 1946) . Unfortunately, the positions of the nitrogen atoms cannot be fixed with accuracy, but by assuming a C-N distance of 1-53 A a value of T 10 A is obtained for the N -0 distance in the nitro groups. This may be compared with the values 1-25 and T10 A obtained by James al. (1935) , 1-21 and 1-14 A by van Niekerk (1943) , and 1-20 A by Archer (1946) . The tilt of the nitro groups away from the plane of the benzene rings, varying from 5 to 11°, seems to be due to packing considerations, and is such as to give a reasonable balance between the 0 -0 and O-CH distances between interleaving molecules, without making any of these distances abnormally short.
section of a nitro group Also of interest are the C-C distances, between the benzene rings in the diphenyl part of the molecules, of 1-48-1-49 A; these may be compared with the values of 1-48 A obtained by Dhar (1932), and 1-42 A by van Niekerk (1943) . The present values are not very accurate but suggest th at the diphenyl link is nearer 1-5 than 1-4 A.
The intermolecular distances, the most important of which are shown in figure 5, are not abnormal when compared with those so far encountered in other aromatic nitro compounds (see table 3 ). The distances between oxygens in neighbouring nitro groups are 3-8,3*3, 3*7,4*3 A between 0 3 and 0 3, 0 3 and 0 6, 0 6 and 0 5, 0 5 and 0 5, respectively. Some of the O-CH links between neighbouring dinitrodiphenyl molecules are 3*2, 3*4, 3*4, 3*6, 3*7, 3*8 A between 0 5 and C17, 0 5 and C22, 0 3 and Cu , 0 6 and C17, 0 3 and C22, 0 6 and Cn , respectively; while some similar links between nitro groups and hydroxydiphenyl molecules are 3*4,3*4,3*8,3*6,3*7,3*8 A between 0 6 and C3, 0 2 and C6,0 3and C5, 0 6 and C2, 0 4 and C5, 0 4 and C4, respectively. The closest C-C distances are quite normal, namely, 3*6, 3*6, 3*8 A between C5 and C20, C15 and C22, Cu and C22, respec tively. The closest intermolecular approach of all is that between the OH group and one of the nitro groups, i.e. 3*0 A between Ox and Of.
T a b l e 3. D is t a n c e s o f c l o s e s t in t e r m o l e c u l a r a p p r o a c h OBSERVED IN VARIOUS NITRO COMPOUNDS

T h e b o n d i n g
In this structure all the molecules are approximately equally spaced from one another so th at it is not possible to choose any particular group of individual molecules as representing the complex group, and none of the intermolecular dis tances are incompatible with ordinary van der Waal's forces. These results are thus in agreement with those obtained by Powell, Huse & Cooke (1943) for the complex between 5-trinitrobenzene and p-iodoaniline.
The closest intermolecular approaches are those between oxygen atoms of nitro groups and carbon atoms of benzene rings, but it is unlikely that these would provide a mechanism for the formation of the complex, since the approach of the nitro groups to the benzene rings of the hydroxy diphenyl molecule is no closer than their approach to the benzene rings of the dinitrodiphenyl molecules (in fact, the latter values are, on the whole, smaller); moreover, these distances are of the same order as those observed in crystals of ordinary aromatic nitro compounds such as p-dinitrobenzene Vol. 188. A. (James et al. 1935 ), m-dinitrobenzene (Archer 1946 ), and 4 : 4'-dinitrodiph (van Niekerk 1943 .
There is a possibility of weak hydrogen bonding between the OH group and the oxygen atoms of one of the nitro groups. The OH-O distance is 3 0 A, and corre sponding N H -0 distances in urea have been attributed to hydrogen bonding. This, however, cannot provide a bonding mechanism in this complex where the ratio of dinitrodiphenyl to hydroxydiphenyl is 3:1; moreover, other complexes have been observed with 4 :4 '-dinitrodiphenyl in which there is no hydrogen available for hydrogen bonding.
The density of this complex, l-43g./c.c., is no higher than for ordinary nitro compounds such as p-dinitrobenzene (1-64), m-dinitrobenzene (1-57) and 4 :4 '-dinitrodiphenyl (1-45). In addition, the very pronounced thermal vibrations in the crystal of this complex, as shown by the strong diffuse spectra, are-an indication of weak bonding between the molecules.
A discussion of these results in the light of the various theories th at have been advanced as to the bonding in complexes of this type will be given in the chemical paper which is to be presented elsewhere.
Very similar structures have been found, though not worked out in detail, for the complexes of 4 :4 '-dinitrodiphenyl with 4 : 4'-dihydroxydiphenyl, benzidine, N, N :N ',N'-tetram ethylbenzidine, 4-iodo-and 4-bromodiphenyl. In all these complexes the ratio of the components seems to depend mainly on packing con siderations, and is determined largely by the length of the molecule which is com bined with the dinitrodiphenyl. In these complexes, also, there is no necessity to assume abnormal intermolecular distances in order to get reasonable packing. I t is hoped to publish an account of the preliminary structures of these complexes soon.
In conclusion, I wish to thank Professor R. W. James for his constant interest and aid throughout the course of this work, and Dr W. 
I n t r o d u c t io n
Meta-dinitrobenzene forms pale straw-coloured needle-shaped crystals belonging to the orthorhombic system, which melt at 91° C. Von Groth gives the symmetry as orthorhombic bipyramidal, the axial ratios, as determined by Steinmetz (1915) The indices given in this paper refer to these axial ratios and not to those of Steinmetz. Previous attempts to determine the structure of the crystal by means of X-rays have been made by Hertel (1930) , Hendricks & Hibbert (1931), and Banerjee & Ganguly (1940) . All these workers have assumed the symmetry of the crystal to
